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Preface 


A  comprehensive  water  quality  study  at  Hartwell  Lake  was  initiated  in 
1992  as  a  cooperative  effort  by  the  U.S.  Army  Engineer  District,  Savannah 
(SAS),  and  the  U.S.  Army  Engineer  Waterways  Experiment  Station  (WES). 
This  report  documents  the  finding  and  results  of  a  comprehensive  water 
quality  study  at  Hartwell  Lake  and  covers  the  period  January  through 
December  1992  and  is  the  second  aimual  report  documenting  findings 
and  results. 

The  principal  investigators  for  this  project  were  Dr.  Robert  H.  Kennedy 
and  Mr.  Joe  H.  Carroll,  Ecosystem  Processes  and  Effects  Branch  (EPEB), 
Environmental  Laboratory  (EL),  WES.  This  report  was  prepared  by 
Ms.  Cynthia  J.  Huffstetler.  AScI  Corporation,  McClean,  VA,  and 
Messrs.  Joe  H.  Carroll  and  IMlliam  E.  Jabour,  EPEB.  Field  and  technical 
support  were  provided  by  the  following  personnel;  Dr.  John  J.  Hains  and 
Mr.  i^lliam  E.  Jabour,  EPEB;  and  Messrs.  Michael  C.  Vorweik  and  Ryan 
L.  Bass,  Dr.  Edward  E.  Robertson,  and  Ms.  Kimberly  O.  Johnson,  AScI. 

Additional  assistance  was  provided  by  Messrs.  Steve  Mason  and  Kenneth 
Bedenbaugh,  SAS,  under  the  supervision  of  Mr.  Dick  Austin,  SAS,  and 
Mr.  C.  Michael  Alexander,  SAS.  under  the  supervision  of  Mr.  Bob  Bain, 
SAS.  Technical  reviews  of  this  report  were  provided  by  Drs.  Kennedy 
and  Hains  and  Mr.  Steve  Ashby,  EPEB. 

This  investigation  was  performed  under  the  supervision  of  Richard  E. 
Price,  Acting  Chief,  EPEB;  Mr.  Donald  L.  Robey,  Chief,  Environmental 
Processes  and  Effects  Division;  and  Dr.  John  Harrison,  Director,  EL. 

At  the  time  of  the  publication  of  this  report.  Director  of  WES  was 
Dr.  Robert  W.  Whalin.  Commander  was  COL  Bruce  K.  Howard,  EN. 

This  report  should  be  cited  as; 

Huffstetler,  C.  J.,  Carroll,  J.  H.,  and  Jabour,  W.  E.  (1993). 
“Water  quality  studies;  Hartwell  Lake  1992  summary 
report,”  Miscellaneous  Paper  EL-93-21,  U.S.  Army  Engineer 
Waterways  Experiment  Station,  Vicksburg,  MS. 
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Introduction 


Hartwell  Lake  is  a  22,400  ha  impoundment  on  the  Savannah  River  and 
provides  hydroelectric  power,  flood  control,  water  supply,  and  recreational 
opportunities.  In  1991,  water  quality  concerns,  particularly  those  factors 
related  to  die  entrainment  of  blueback  herring  in  die  deep,  near-dam  waters, 
were  addressed  in  the  planning  and  execution  of  a  comprehensive  sampling 
regime  on  Hartwell  Lake.  The  study  was  later  extended  to  include  1992. 
The  primary  objectives  of  this  investigation  were  to: 

(1)  Describe  longitudinal  water  quality  trends  from  the  forebay  region 
into  the  upper  Seneca  and  Tugaloo  River  Mbutary  embayments  during 
both  stratified  and  mixed  periods. 

(2)  Compare  and  contrast  temporal  water  quality  trends  at  near-dam 
stations  and  those  in  upstream  embayments  during  a  one  year  period  en¬ 
compassing  both  stratified  and  mixed  periods. 

(3)  Monitor  release  water  quality  in  the  Richard  B.  Russell  Lake  head¬ 
waters  through  continuous  remote  sampling  in  the  Hartwell  Dam  tailrace. 


Introduction 


study  Site  Description 


Hartwell  Lake  was  completed  by  the  U.S.  Army  Corps  of  Engineers 
(CE)  in  1963  as  part  of  a  comprehensive  water  resource  development  plan 
for  the  Savannah  River  basin.  Located  on  the  border  of  Georgia  and 
South  Carolina,  Hartwell  Lake  is  a  multi-purpose  project  attracting  more 
than  twelve  million  visitors  annually,  making  it  one  of  the  most  popular 
CE  impoundments  in  the  nation.  Tte  lake  has  a  surface  area  of  nearly 
22,400  ha,  a  shoreline  of  1S30  km.  and  receives  inflows  from  two  major 
rivers,  the  Seneca  and  Tugaloo  Rivers,  which  join  to  form  the  Savannah 
River  at  dieir  conjunction  approximately  11  km  upstream  of  Hartwell  Dam. 
The  lake  is  located  downstream  of  Lake  Keowee  on  the  Seneca  River  and 
immediately  upstream  of  Richard  B.  Russell  Lake  on  the  Savannah  River. 
The  project  operates  at  a  power  pool  elevation  of  201  m  NGVD,  with 
mean  depth  and  maximum  depth  of  14  m  and  SS  m.  respectively,  and  has  a 
fluctuation  limit  of  2.6  m.  The  storage  ratio  or  residence  time,  is  0.83  years. 
Hartwell  Dam  is  an  earth  and  concrete  structure,  completed  in  1961, 
which  spam  approximately  S400  m  across  the  Savannah  River.  The  con¬ 
crete  secOf'ii  is  570  m  in  length  and  rises  to  61  m  above  the  riverbed.  The 
powerhouse  contains  four  66-MW  generators  and  one  8fl-MW  generator, 
which  produce  an  annual  average  of  453,000  megawatt-hours  of  electricity. 
The  average  outflow  from  Hartwell  Dam  in  1992  was  5998  cfs.  Genera¬ 
tion  of  power  is  conducted  on  a  schedule  dependent  on  area  requirements 
and  usage. 
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Materials  and  Methods 


Regular  in-situ  sampling  was  conducted  monthly  throughout  the  year 
with  the  exception  of  February.  November  and  December.  Measurements 
of  tern,  erature.  dissolved  oxygen,  pH.  and  conductivity  were  used  to  de¬ 
scribe  temporal  and  spatial  patterns  of  water  quality  within  the  main  stem 
and  the  two  major  tributaries  on  Hartwell  Lake.  Spatial  and  temporal 
trends  in  chemical  parameters  were  documented  during  July  and  October. 
Sampling  routines  coincided  with  the  mid-summer  stratified  and  fall  mix¬ 
ing  periods.  Water  samples  were  coUected  at  fourteen  selected  stations  in 
Hartwell  Lake  and  tailrace  (Figure  1)  and  analyzed  at  the  U.S.  Army  Engi¬ 
neer  Waterways  Experiment  Station  (WES)  'Dotters  Shoals  Limnological 
Research  Facility  (TSLRF).  Chemical  analyses  for  nutrients,  organic  car¬ 
bon,  turbidity,  and  alkalinity  were  conducted.  A  total  of  fifteen  water  qual¬ 
ity  variables  were  monitored  during  the  1992  study  (Table  1). 

Routine  water  quality  monitoring  was  conducted  in-situ  using  a 
Hydrolab  Surveyor  11  (Hydrolab  Corporation,  Austin,  TX).  Temperature, 
dissolved  oxygen.  pH,  and  specific  conductance  were  calibrated  against 
known  standards  before  each  sampling  trip.  Sample  collection  for  analysis 
of  chemical  variables  was  done  using  a  ^ai^tragm  pump  and  vinyl-lined 
garden  hose.  Samples  were  taken  from  selected  depths,  based  on  seasonal 
thermal  stratiHcation,  and  included  the  surface,  bottom  of  the  thermocline, 
and  bottom  waters  of  each  lake  station.  Pumped  samples  were  obtained 
by  lowering  the  sampling  hose  to  the  desired  depth,  allowing  sufficient 
time  for  the  hose  to  clear  by  pumping  a  volume  of  water  approximately 
equivalent  to  two  or  three  times  the  volume  of  the  hose,  and  then  retaining 
the  necessary  volume  of  water  for  the  samples.  Outflow  samples  were  col¬ 
lected  in  a  grab  fashion  with  a  polyethylene  bucket  Samples  were  iced  and 
transported  in  coolers  from  the  lake  to  the  laboratory  site.  Standard  methods 
(U.S.  Environmental  Protection  Agency  1979,  American  Public  Health  Asso¬ 
ciation  1985)  were  used  for  laboratory  analyses  of  water  samples. 

Hartwell  Lake  tailwater  in  situ  data  (temperature,  dissolved  oxygen, 
pH,  and  conductivity)  were  coUected  and  recorded  hourly  at  station  2(X) 
with  a  Schneider  Water  Quality  Monitor,  (Model  RM25,  Schneider  Instru¬ 
ment  Company,  Madeira,  Cincinnati,  OH).  This  unit  was  calibrated  regu¬ 
larly  during  the  stratified  period  using  known  standards. 


MMsriai*  and  Methods 


Results  and  Discussions 


Precipitation,  pool  elevation,  mean  daily  inflow  and  mean  daily  outflow 
for  tbe  period  1990-1992  are  shown  in  Figure  2.  Precipitation  varied  con¬ 
siderably  throughout  the  year,  measuring  2.71  inches  and  3.63  inches  in 
July  and  October  of  1992.  respectively,  as  compared  to  S.03  and  0.40  inches 
during  the  same  period  in  1991.  Chemical  sampling  trips  coincided  with 
these  periods  of  low  precipitation,  limreased  precipitation  in  the  early 
months  of  1992  led  to  increased  pool  elevations  by  March  that  were  con¬ 
sistently  maintained  throughout  the  year  through  controlled  releases. 
Precipitation  in  the  fall  was  considerably  above  normal  and  measured 
10.21  inches  and  6.44  inches  in  Novemter  and  December,  respectively,  as 
compared  to  normal  levels  of  4.13  and  4.54  inches  in  November  and  De¬ 
cember.  Outflows  and  inflows  were  slightly  higher  in  the  early  months  of 
1992  as  compared  to  1991.  but  significantly  higher  in  November  and  De¬ 
cember  of  1^2.  as  a  result  of  the  increased  levels  of  precipitation.  As  in 
the  previous  year,  increased  elevation  and  more  consistent  release  levels 
significantly  altered  water  quality  conditions  in  the  two  major  embayments 
of  Hartwell  Lake. 

Spatial  and  seasonal  thermal  patterns  for  Hartwell  Lake  are  presented 
in  Figures  3  and  4.  Stratification  was  present  from  Hartwell  Dam  to  the 
headwaters  of  the  Seneca  and  Tugaloo  River  embayments  from  May 
through  mid-October.  Variations  in  monthly  temperatures  at  Station  210, 
located  in  the  Hartwell  Dam  forebay.  illustrate  the  onset  of  stratification 
in  the  main  body  of  the  lake  (Figure  5).  The  beginning  of  lake-wide  strati¬ 
fication  was  observed  during  early  March,  and  was  well-defined  by  mid- 
April.  Throughout  the  summer  stratified  period  the  theimocline  remained 
between  10  and  18  meters  lakewide.  Temperatures  in  the  epilimnion 
ranged  between  24  and  30  *’C.  while  hypolimnetic  temperatures  ranged 
from  12  to  20  during  the  stratified  period.  The  deepening  of  the  ther- 
mocline  reflected  increased  release  rates  of  cooler  hypolimnetic  waters 
during  the  summer  months.  Normal  seasonal  cooling,  which  began  in 
early  September  and  continued  into  October,  decreased  surface  water  tem¬ 
peratures,  thereby  lessening  thermal  gradients.  Continued  cooling  and  fall 
mixing  resulted  in  near-isothermal  conditions  lakewide  by  November. 

Temporal  and  spatial  gradients  in  dissolved  oxygen  were  observed  from 
the  dam  to  the  headwaters  of  both  main  embayments  (Figures  6  and  7).  An¬ 
oxic  conditions  developed  more  rapidly  and  were  more  extensive  in  the 
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Seneca  River  arm  Aan  in  the  Tiigaloo  River  arm.  possibly  the  result  of 
greater  introduction  of  organic  material  is  indicated  by  elevated  nutrient 
concentrations  in  the  upper  reaches  of  the  Seneca  River  embayment. 
Hypolimnetic  oxygen  depletion  was  initially  observed  in  the  mid-reaches 
of  both  embayments  in  June.  Sustaine'i  releases  through  Hanwell  Dam 
during  the  summer  contributed  to  a  rf^duction  and  downstream  depletion  of 
the  anoxic  zones  in  both  upstream  embayments.  By  mid-October,  reaeration 
of  the  hypolimnion  had  occurred  in  both  river  arms  due  to  normal  seasonal 
cooling,  although  anoxic  conditions  persisted  in  the  deeper  stations  of  the 
Seneca  River.  Temporal  and  vertical  changes  in  the  concentration  of  dis¬ 
solved  oxygen  were  evident  in  the  Hartwell  Lake  forebay  area  (Figure  8). 
Anoxia  in  th..«  region  was  recorded  in  early  September  and,  although 
significantly  decreased,  lingered  in  the  bottom-most  waters  until  early 
November. 

In  situ  measurements  of  pH  showed  noticeable  temporal  variability  but 
little  longitudinal  variability  in  Hartwell  Lake  (Figures  9  and  10).  Mini¬ 
mum  and  maximum  values  in  July  were  from  6.2  to  7.4.  respectively,  as 
compared  to  S.9  to  6.5.  respectively,  in  mid-October.  Maximum  values 
observed  in  July  occurred  in  the  forebay  surface  waters  were  the  result  of 
higher  productivity  in  these  areas. 

Higher  values  of  specific  conductance,  corresponding  with  anoxic  con¬ 
ditions.  were  observed  in  the  mid-reaches  of  both  the  Seneca  and  Tugaloo 
River  embayments  during  July  and  in  the  deep  water  stations  in  October 
(Figures  11  and  12).  While  lakewide  measurements  of  specific  conductiv¬ 
ity  averaged  33  to  48  mS  throughout  much  of  the  study  period,  conduc¬ 
tance  values  in  the  anoxic  waters  of  the  Seneca  River  embaymem. 
increased  to  a  maximum  of  77  mS  in  July,  and  to  a  maximum  of  48  mS  in 
the  Tugaloo  River  embayment.  Temporal  and  vertical  changes  in  specific 
conductance  data  were  observed  at  Station  210.  where  measurements 
ranged  from  35  mS  in  March  to  59  mS  in  October  (Figure  13). 

Summaries  of  Hartwell  Lake  epilimnetic  and  hypolimnetic  in  situ  and 
water  chemistry  data  were  compiled  and  are  shown  for  July  and  October 
of  1991  and  1992  (Tables  2  through  5).  Mean  values  for  each  parameter 
in  1992  were  overall  lower  than  those  observed  for  the  previous  year.  As 
expected,  seasonal  trends  in  the  concentrations  of  chemical  variables,  as 
well  as  longitudinal  and  vertical  gradients,  were  most  pronounced  during 
the  stratified  period.  Maximum  concentrations  in  chemical  constituents 
accompanied  anoxic  conditions  in  the  bottom  waters  of  the  Seneca  River 
embayment  in  July  and  in  the  deep,  near-dam  stations  in  October,  but 
again,  were  lower  than  concentrations  observed  in  1991. 

Concentrations  of  total  phosphorus  (TP)  in  the  Seneca  River  embaymem 
ranged  from  0.010  to  0.019  mg/1  in  July  and  was  primarily  accumulated 
in  the  headwaters,  while  in  October,  concentrations  ranged  from  0.01  to 
0.04  mgA  and  were  well  distributed  throughout  the  entire  arm.  In  the 
Tugaloo  River  embayment,  however,  concentrations  ranged  from  0.005  to 
0.011  mg/1  in  July,  but  showed  greatest  accumulation  in  the  deeper,  near-dam 
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sutions.  October  TP  concentrations  ranged  from  0.016  to  0.028  mg/l  and, 
as  with  the  Seneca  River  arm.  were  well  distributed  throughout  the  embay- 
ment  (Figures  14  and  IS).  Increased  levels  of  concentration  in  TP  in  the 
headwaters  during  oxidized  conditions  is  probably  associated  with  loading 
from  external  sources.  July  measuremems  of  total  soluble  phosphorus  (TSP) 
and  soluble  reactive  phosi^rus  (SRP)  concentrations  in  both  embayments 
were  recorded  at  or  just  above  the  detection  limits  of  the  analytical  instru¬ 
ments.  October  measurements  for  TSP  ranged  from  0.008  to  0.012  mg/l 
in  the  Seneca  River  arm  and  from  0.011  to  0.007  mg/l  in  the  Tugaloo 
River  arm.  October  SRP  measuremetus  for  both  embayments  were  at  or 
just  below  detection  limits  (Figures  16-19). 

Total  nitrogen  (TN)  concentrations  reflected  both  temporal  and  spatial 
gradients  which  corresponded  to  anoxic  conditions  in  Hartwell  Lake.  Sen¬ 
eca  River  concentrations  ranged  from  0.2  to  O.S  mg/l  with  highest  concen¬ 
trations  in  the  artoxic  areas  of  the  headwaters  and  in  the  deeper  forebay 
waters.  October  concentrations  also  ranged  from  0.2  to  O.S  mg/l,  but  showed 
greatest  accumulation  in  the  forebay  waters  (Figure  20).  Concentrations  of 
TN  in  the  Tugaloo  River  arm  in  July  ranged  from  0.2  to  0.4  mg/l  but  were 
well  distributed.  October  levels  were  in  the  same  concentration  range, 
but  again,  were  accumulated  in  the  deep  waters  of  the  forebay  region  (Fig¬ 
ure  21).  Dissolved  nitrogen  (DN)  concentrations  were  slightly  lower  than 
total  nitrogen  but  followed  approximately  the  same  distribution  patterns  in 
both  major  embayments  (Figures  22  and  23).  Maximum  concentrations  of 
ammonia-nitrogen  were  observed  in  response  to  anoxic  conditions  in  the 
mid-reaches  of  both  embayments  in  July  and  in  the  deep,  near-dam  stations 
in  October.  Increased  levelain  July  is  thought  to  be  Ae  result  of  the  re¬ 
lease  of  ammonia  from  the  sediments  under  anaerobic  conditions  (Cole, 
1988).  Concentrations  lakewide  ranged  from  0.0  to  0.2  mg/l  (Figures  24 
and  25). 

Nitrate-nitrogen  is  routinely  found  in  areas  where  oxygen  is  abundant. 
However,  here  it  demonstrated  an  opposite  trend,  with  elevated  concentra¬ 
tions  in  the  deep,  anoxic,  down-lake  areas  of  both  embayments  in  July  and 
in  the  upper  regions  of  the  Seneca  River  embayment  in  October  (Figure 
26).  July  concentrations  of  nitrate-nitrogen  ranged  from  0.1  to  0.2  mg/l. 
Slightly  increased  levels  of  concentration  in  the  upper  Seneca  River  in 
October  were  related  to  the  accumulation  of  ammonia  oxidized  during  the 
process  of  destratiflcation.  By  October,  nitrate-nitrogen  concentrations 
were  below  detection  limits  in  the  Tugaloo  River  arm  of  the  lake  (Figure  27). 
All  of  the  nitrogen  species  were  considerably  lower  in  1992  than  in  1991. 

Temporal  and  spatial  gradients  in  organic  carbon  concentrations  corre¬ 
sponded  with  anoxic  conditions  in  Hartwell  Lake.  Concentrations  of  total 
organic  carbon  (TOC)  in  July  ranged  from  0.4  to  1.8  mg/l  in  the  Seneca 
River  embayment  and  from  0.4  to  1.2  mg/l  in  the  Tugaloo  River  embay¬ 
ment  (Figures  28  and  29).  Dissolved  organic  carbon  (DOC^  concentra¬ 
tions  in  July  followed  similar  patterns,  ranging  from  0.4  to  1.6  mg/l  and 
from  0.4  to  1.2  mg/l  in  the  Seneca  and  Tugaloo  River  arms,  respectively. 
During  October,  concentrations  in  both  embayments  ranged  from  1.2  to 
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1.6  mg/1,  with  the  highest  concentrations  distributed  throughout  the 
deeper  areas  near  the  dam  (Figures  30  and  31). 

Distribution  patterns  in  total  alkalinity  concentrations  were  observed  in 
July  and  October  and  are  depicted  in  Figures  32  and  33.  Variability  in 
these  concentrations  coincided  with  the  presence  of  anoxic  conditions, 
ranging  from  7.0  to  18.0  mg/1  in  the  middle  reaches  of  each  embayment  in 
July,  and  Itom  8.0  to  22.0  mg/1  in  the  near  dam  stations  in  October. 

Gradients  in  turbidity  relative  to  tributary  inflows  were  recorded  in 
both  the  Seneca  and  Tugaloo  Rivers  (Figures  34  and  35).  The  Seneca 
River  arm  showed  greatest  variability  in  July  with  concentrations  ranging 
from  S  to  30  NTU  in  the  upper  reaches,  compared  to  2  to  10  NTU  found 
in  the  upper  reaches  of  the  Tugaloo  River.  Increased  values  in  turbidity 
under  anoxic  conditions  may  be  more  indicative  of  interactions  at  the  sedi¬ 
ment/water  Interface  than  of  increased  biological  activity.  In  October, 
both  emba;  .tents  showed  upstream  gradients  of  0  to  IS  NTU  with  maxi¬ 
mum  values  being  recorded  in  the  upper  reaches  of  the  Seneca  River  as 
well  as  in  *he  deep,  near  dam  stations.  Distribution  patterns  and  concen¬ 
trations  for  nutrients  followed  much  the  same  trends  as  those  observed  in 
1991.  A  close  review  of  the  data  for  all  chemical  constituents  showed  no 
significant  changes  in  trends  or  concentrations  in  Hartwell  Lake  for  1992. 

Temperature,  dissolved  oxygen,  pH,  and  specific  conductance  were 
monitored  in  the  Hartwell  Dam  tailrace  using  a  Schneider  RM-25  Monitor¬ 
ing  System,  however,  actual  data  collection  did  not  begin  until  mid-March 
due  to  mechanical  difficulties.  These  variables  exhibited  seasonal  trends 
which  reflected  changing  conditions  in  the  forebay  of  Hartwell  Lake. 
Temperatures  ranged  from  10.7  "C  in  late  March  to  14.5  **€  in  July,  before 
reaching  a  maximum  of  20  "C  in  mid-October.  Dissolved  oxygen  concen¬ 
trations  were  nearly  11  mg/1  in  late  March  and  ranged  from  2  to  4  during 
the  late-summer  stratiHed  period  when  anoxic  conditions  were  prevalent 
in  the  deep  water  areas  of  Hartwell  Lake.  By  early  November,  average 
concentrations  had  risen  to  8  mg/1,  which  corresponded  to  fall  mixing  in 
the  lake  (Figure  36).  Seasonal  variability  in  pH  values  were  also  observed 
in  the  Hartwell  Dam  tailrace,  averaging  6.7  in  March,  6.1  in  July,  and  6.3 
during  October  (Figure  37).  Speciflc  conductance  values  were  reflective 
of  the  low  conductivity  measurements  observed  in  the  Hartwell  forebay 
throughout  the  year,  ranging  from  30  to  38  mS  (Figure  38).  Major  shifts 
observed  in  Figure  38  were  related  to  mechanical  and  calibration  difficul¬ 
ties  in  the  RM-25  Monitor  later  in  the  year. 


Results  end  Discussions 


Summary 


This  report  documents  the  results  of  comprehensive  water  quality  studies 
performed  in  Hartwell  Lake  (HW)  during  the  period  January  through  De¬ 
cember  1992.  Presented  in  this  report  are  summaries  and  comparisons  of 
water  quality  conditions  observed  during  monthly  in  situ  sampling  trips 
and  biannual  chemical  sampling  trips  within  the  main  stem  and  two  major 
embayments  on  Hartwell  Lake. 

The  onset  of  thermal  stratification  began  in  Hartwell  Lake  during  early 
March  and  by  mid-April,  extensive  stratification  was  present  from  the 
headwaters  of  each  major  embayment  to  the  forebay.  Anoxic  conditions 
were  observed  in  the  middle  reaches  of  the  Seneca  and  Tugaloo  Rivers 
during  the  July  sampling  trip.  The  greatest  concentrations  of  chemical 
constituents  within  the  two  embayments  were  also  recorded  during  the 
mid- July  sampling  period.  By  mid-October,  stratification  in  the  upstream 
regions  had  diminished  due  to  normal  seasonal  cooling,  but  persisted  in 
the  deeper  waters  of  the  forebay  until  early  November. 

Intensive  physicochemical  sampling  during  July,  revealed  increased 
concentrations  of  specific  nutrients  and  organic  carbons  normally  associ¬ 
ated  with  anoxic  conditions  in  the  bottom  waters  of  an  embayment.  Con¬ 
centrations  of  those  nutrients  within  the  middle  reaches  of  the  Seneca 
River  embayment  were  consistently  greater  than  those  concentrations  ob¬ 
served  in  the  Tugaloo  River  embayment.  A  subsequent  sampling  trip  in 
October  indicated  that  anoxic  conditions  within  the  two  primary  embay¬ 
ments  no  longer  existed.  Anoxia  did,  however,  persist  in  the  deeper,  near¬ 
dam  stations  and  was  confirmed  by  the  presence  of  greater  concentrations 
of  chemical  variables. 

Continuous  data  for  temperature,  dissolved  oxygen,  pH,  and  specific 
conductivity  were  collected  using  a  Schneider  RM-2S  monitor  in  the  tail- 
race  below  Hartwell  Dam.  These  data  reflected  seasonal  variability  and 
were  indicative  of  water  quality  conditions  in  the  forebay  of  Hartwell 
Lake. 

Hartwell  Dam  outflows  were  fairly  consistent  in  response  to  precipita¬ 
tion  and  inflow  levels  early  in  the  year,  but  nearly  doubled  September 
through  November  and  were  more  than  four  times  greater  in  December,  this 
due  to  a  tremendous  increase  in  precipitation  during  November.  Inflows 
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Summary 


were  also  much  higher  in  those  months  due  to  greater  than  average  rain¬ 
fall  during  August  through  December,  nearly  double  the  inflows  observed 
in  1991. 


Summary 
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Figure  1.  SainpHng  stations  in  Hartwell  Lake  and  tailrace 
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Figure  2. 
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Precipitation,  pool  elevation,  mean  daily  inflow  and  meaii  daily  outflow  for  Hartwell 
Lake,  1990-1992 


Figure  3.  Patterns  of  spatial  dtetrtoution  of  temperatures  (X)  from  Hartwell  Dam  to  upper 
Seneca  River,  July  and  October.  1992 
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Figure  6.  Patterns  of  spatial  distribution  of  dissolved  oxygen  concentrations  (mg/I)  from 
Hartwell  Dam  to  upper  Seneca  River,  July  and  October,  1992 
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Figure  7.  Patterns  of  spatial  distribution  of  dissolved  oxygen  concentrations  (mg/l)  from 
Hartwell  Dam  to  upper  Tugaloo  River,  July  and  October,  1992 


Figure  1 0.  Patterns  of  spatial  distritmtion  of  ph  (ph  units)  from  Hartwell  Dam  to  upper  T ugaloo 
River,  July  and  October,  1992 
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Figure  12.  Patterns  of  spatial  distribution  of  specific  concfcjctance  (pS)  from  Hartweil  Dam  to 
upper  Tugaloo  River,  July  and  CMober,  1992 
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Figure  1 5.  Patterns  of  spatial  distribution  of  totai  phosphorus  concentrations  (mg/I)  from  Hartwell 
Dam  to  upper  Tugaloo  River,  July  and  October,  1992 


Figure  1 6.  Patterns  of  spatial  distribution  of  total  soluble  phosphorus  concentrations  (mg/I)  from 
Hartwen  Dam  to  upper  Seneca  River,  July  and  October,  1992 
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Figure  17.  PaHems  of  spatial  distrftxition  of  total  sobble  phosphorus  concentrations  (mg/I)  from 
Hartwell  Dam  to  upper  Tugaloo  River,  July  and  October,  1992 
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Rgure  19.  Patterns  of  sp^ial  distrttxjtlon  of  soluble  reactive  phosphorus  concentrations  (mg/I) 
from  Hartwell  Dam  to  upperTugaloo  River,  July  and  October,  1992 


Figure  20.  Patterns  of  spatial  distribution  of  total  nitrogen  concentrations  (mg/I)  from  Hartwell 
Dam  to  upper  Seneca  River,  July  and  October,  1992 
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Figure  21 .  Patterns  of  spatial  distribution  of  total  nitrogen  concentrations  (mgri)  from  Hartwell 
Dam  to  upper  Tugaloo  River,  July  and  October,  1992 
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Figure  22.  Patterns  of  spatial  distribution  of  dissolved  nitrogen  concentrations  (mg/l)  from  Hartwell 
Dam  to  upper  Seneca  River,  July  and  October.  1992 
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Figure  23.  Patterns  of  spatial  distribution  of  dissolved  nitrogen  concentrations  (mg/I)  from 
Dam  to  upper  Tugaloo  River,  July  and  October,  1992 
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Figure  24.  Patterns  of  spatial  distribution  of  ammonia-nitrogen  concentrations  (mg/I)  from  Hartwell 
Dam  to  upper  Seneca  River,  July  and  October,  1 992 
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Figure  25.  Patterns  of  spatial  distribution  of  ammonia-nitrogen  concentrations  (mg/I)  from  HartweH 
Dam  to  upper  Tugaloo  River,  July  and  October,  1992 
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Figure  26.  Patterns  of  spatial  distrtoution  of  nitrate-nitrogen  concentrations  (mg/I)  from  Hartwell 
Dam  to  upper  Seneca  River,  July  and  October,  1992 


Figure  27.  Patterns  of  spatial  distrixition  of  nitrate-nitrogen  concentrations  (mg/I)  from  Hartwell 
0am  to  i4)per  Tugaioo  River,  July  and  October,  1992 
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Figure  29.  Patterns  of  spatial  distribution  of  total  organic  caibon  concentrations  (mg/i)  from 
Haitwed  Dam  to  upper  Tugaloo  River,  July  and  October,  1992 
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Figure  30.  Patterns  of  spatial  distitxition  of  dissolved  organic  carbon  concentrations  (mg/I)  from 
Hartwell  Dam  to  upper  Seneca  River,  July  and  October,  1992 


Figure  31 .  Patterns  of  spatial  distribution  of  dissolved  organic  carbon  concentrations  (mg/1)  from 
Hartwell  Dam  to  upper  Tugaloo  River,  July  and  October,  1992 
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Figure  32.  Patterns  of  spatial  distribution  of  total  aikaiinity  (mg/I)  from  Hartwell  Dam  to  upper 
Seneca  River,  July  and  October.  1992 
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Figure  33.  Patterns  of  spatial  distrttxjtion  of  total  alrelinity  (mg/1)  from  Hartwell  Dam  to  upper 
Tugaloo  River,  July  and  October,  1992 
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Figure  34.  Patterns  of  spatial  distribution  of  turbidity  concentrations  (NTU)  from  Hartwell  Dam  to 
upper  Seneca  River,  July  and  Octcber,  1992 
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Figure  35.  Panems  of  spatial  distrixition  of  turbidity  ooncentrations  (NTU)  from  Hartwell  Dam  to 
upper  Tugaioo  River,  July  and  Octr^r,  1992 


for  HaitweN  Lake  tailwater  during  1992 


7.50 


Table  1 

UatofVarlablea 


biSItu 

NuManta 

Tamperahjra 

Total  organic  carbon 

DiaaoNed  oxygon 

Diaaoived  organic  carbon 

pH 

Total  phoaphonre 

SpeoMcoomfootanoe 

Total  aoluble  phoaphorua 

Sotubie  reactive  phoaphorua 

Pliyaicoolieaafoal 

Total  nitrogen 

Turbldty 

Total  aoiuble  nitrogen 

Total  alialnily 

Ammoruum-rtitiogen 

Nitrata-nitiita  nitrogen 

Table  2 
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Summary  of  Hartwell  Lake  Hypollmnetic  In  Situ  and  Water 
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and  organic  carbons  normally  associated  with  anoxic  conditions  in  the  bottom  waters  of  an  embayment. 
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13.  ABSTRAa  (MlMimumZOOwonft) 

This  rqxnt  documents  the  results  of  comprehensive  water  quality  studies  performed  in  Hartwell  Lake 
(HW)  during  the  period  January  through  December  1992.  Presented  in  this  report  are  summaries  and  com¬ 
parisons  of  water  quality  condidons  observed  during  monthly  in  situ  sampling  trips  and  biannual  chemical 
sampling  trips  within  the  main  stem  and  two  major  embayments  on  Hartwell  Lake. 

The  onset  of  thermal  stradficadon  began  in  Hartwell  Lake  during  early  March  and  by  mid-April,  exten¬ 
sive  stradficadon  was  present  from  the  headwaters  of  each  major  embayment  to  the  foretey.  Anoxic  condi¬ 
dons  were  observed  in  the  middle  reaches  of  the  Seneca  and  Tugaloo  Rivers  during  the  July  sampling  trip. 
The  greatest  concentradons  of  chemical  consdtuents  within  the  two  embayments  were  also  recorded  during 
the  mid- July  sampling  period.  By  mid-October,  stradficadon  in  the  upstream  regions  had  diminished  due  to 
normal  seasonal  cooling,  but  persisted  in  the  deeper  waters  of  the  forebay  undl  early  November. 

Intensive  physicochemical  sampling  during  July,  revealed  increased  concentradons  of  specific  nutrimts 
and  organic  carbons  normally  associated  with  anoxic  condidons  in  the  bottom  waters  of  an  embayment 
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Concentnuions  thoee  nutrients  within  the  middle  reaches  of  the  Seneca  River  embaynient  were  consis- 
lently  greaim  dian  those  concentrations  observed  in  the  Tugaloo  River  embayment  A  subsequent  sampling 
trip  in  October  indicated  that  anoxic  conditkms  within  the  two  laimary  embayments  no  longer  existed.  An¬ 
oxia  did,  however,  persist  in  the  deeper,  near-dam  sutions  and  was  confirmed  by  the  presence  of  greater  con- 
cmitrations  of  chemical  variables. 

Continuous  data  for  temperature,  dissolved  oxygen.  pH.  and  q>ecific  conductivity  were  collected  using  a 
Schneider  RM-2S  monitor  in  the  tailrace  below  Hmtwell  Dam.  These  data  reflected  variability  and 

were  indicative  of  watm  quality  conditions  in  the  forebay  of  Hartwell  Lake. 

Hartwdl  Dam  ontflows  were  fairly  consistmit  in  reqxmse  to  precipitation  and  inflow  levels  early  in  the 
year,  but  nearly  doubled  September  through  November  and  were  more  than  four  times  greater  in  December, 
this  due  to  a  trNnendoos  increase  in  precipitatimi  during  November.  Inflows  were  also  much  highm  in  those 
months  due  to  greater  dian  average  rainfidl  during  AuguA  through  December,  nearly  double  the  inflows  ob¬ 
served  in  1991. 


